Abstract-It is clear that DEWS will provide advanced information of impending tsunami arrival at beaches and coastal areas around the Indian Ocean. It is proposed in this paper that simulation of the possible effects of such tsunami from a variety of locations, directions, and magnitudes be carried out. This can be used in conjunction with the tsunami warning from the DEWS system, to predict the likely specific consequences for beaches, initially in Phuket, but later for other locations in Thailand and for other countries likely to be affected.
INTRODUCTION
In the aftermath of the 26 December 2004 Indian Ocean Tsunami, it was observed, that the waves had different impact at three different beaches in Phuket, Thailand, the "Pearl of the Andaman" [1] . The most popular is Patong Beach, where many tourists and local people died or were injured. It is a wide curved beach, with a shallow sea, suitable for safe swimming, because it is only gently shelving. The smaller Kamala beach, north of Patong, is similar in this respect. Both suffered severely from the tsunami. However, Surin Beach shelves steeply in a series of steps, from a shelving beach, reached from a small car park and restaurant, itself about a meter above the sand. Relatively little damage was done here [1] . These details show that each beach is unique and must be considered separately, even at relatively short geographical distances, like in Phuket. This uniqueness has direct implications for run-up modeling and simulation, for tsunami mitigation efforts and consequently for insurance purposes; especially for Phuket, and for Phang Nga further north, where many hotels and resorts are located close to the beaches and the land behind is quite flat. Similar situations can be found in countries around the Indian Ocean, e.g. Indonesia.
Phuket is an island of about 50 km by 20 km in the Andaman Sea west of Krabi in Thailand. Fig. 1 shows the aerial view of the island, with the principle beaches discussed in this paper identified and highlighted. In addition, the approximate arrival direction of the tsunami wave is also shown so that the different effects on the beaches discussed later may be appreciated.
II. CURRENT WORK
Current work, reported here, concerns evaluation of some specific beaches in Phuket in respect of the size, shape, orientation and shelving, gradients and features of surface and local seabed. Of particular interest are the horns of these beaches and of the very different consequences for each of the selected beaches in respect of the December 2004 tsunami. The principle beaches concerned are Surin Beach, Kamala Beach, and Patong Beach. It is clear that, although adjacent, being separated by low steep hills, these were all affected in very different ways, especially in respect of the seriousness of the consequences for people and property. Nai Yang Beach, close to the airport was also considered, along with Rawai Beach on the Eastern side of the island, which received the reflected wave from Krabi. It is intended that the lessons learned from this work be applied to other locations in Thailand, Indonesia, Sri Lanka and India, and in due course elsewhere in the world.
A. Surin Beach
This beach has significant shelving in steps of alternating shallow and steeper angles of fall, from the restaurant/car park area above the shore to the surf area, as shown in Fig. 2 . This has several consequences. First, the beach is relatively safe for swimming during the peak tourist season (Dec. to March). Outside this period, it is unsafe to swim because of the undertow, especially during the tidal period where the waters edge coincides with the steeper slope. When this occurs, the swimmer will arrive onshore and try to land on a fluidized bed of seawater and sand particles. R. Zobel has experiences with this in person and is aware of the difficulties of a successful landing. However, the positive side of this is that from the sea surface to the car park/restaurant level is several meters, resulting in relatively little damage to property, personnel, and facilities. In particular, it was observed that some open structure beach bamboo huts, used for lunch and evening meals were still undamaged and still in place four weeks after the tsunami. It is interesting to observe that the Southern arm of the beach protected the shore due to the angle of attack of the tsunami as shown in Fig. 1 and 2 . The rocky shore here would have had overtopping, but significant reduction in force and flow gave significant protection. 
B. Kamala Beach
Kamala Beach was probably the most severely damaged beach and village on Phuket. This is due to its orientation at right angles to the arriving tsunami wave (see Fig. 1 ), which was further exacerbated by the very flat seabed, the flat local beach, and the littoral behind the beach area (Fig. 3) . The tsunami came through the village, to the main road and to the area on the inland of the main road; it flattened the local school, leaving only the concrete base. The school has now been rebuilt as a strong multi-storey building, which can provide a safe refuge and haven for the school pupils and other people fleeing from a tsunami after a DEWS warning. This is vital, since the area is so flat and the new school is probably the only reachable safe haven in the area. It is also noticeable that only a few other buildings in the village are two or more storey, the remainder has been restored as single storey buildings, providing little or no protection as in 2004. The canal entering the beach from the village also alters the flow of water to the sea (Fig. 4) . It is not yet clear whether this had any significant effect during the tsunami. However, there is significant grey sediment underneath the yellow sand to the South of the beach. This is only possible because of the flatness of the entire beach and village area. It is desirable to consider what additional measures, particularly in respect of planning and building regulations might be considered for the future [2, 3, 4] . The parts of the village at both sides of the main road joining the beaches to the South and North of Kamala Beach are also flat and were flooded by the tsunami. However, roads to the South and North of Kamala provide steep hills which can give easy escape access, if given sufficient warning from DEWS.
C. Patong Beach
This is the main and most popular tourist beach on the island of Phuket. It has a fine sandy shore, slightly curved, with a length of about 1.5 km, as illustrated in Fig. 5 . The beach area has only a modest slope, which leaves it open to tsunami attack. However, fortunately, the area behind the beach road has small roads at right angles to the beach, with significant upward slope at leading to the main town areas. This allows for easy escape uphill. Thus, tsunami warnings signs indicating escape routes can be quite effective. Both ends of the beach have steep roads leading uphill to adjacent beaches [5] . There was a further danger, however. The tsunami arrived from a WestSouthwest direction protected by the Southern horn of the beach. This gave rise to a reflection from the shore towards the Southern end of the beach and then back out to sea (Fig. 1) . There is also a rocky seabed feature, clearly visible in the video taken from the Southern heights of Patong Beach at the time of the tsunami. It is our view that these are what gave rise to the very dangerous large vortex clearly shown in the video from about 10 minutes after the arrival of the tsunami. Thus, the three adjacent beaches Surin, Kamala, and Patong exhibited very different hazards and characteristics. These are due to the different size, shape, and orientation of the beaches to the tsunami arrival direction, in addition to their shelving characteristics and their shape, especially of the beach horns.
D. Rawai Beach
Rawai Beach is on the South Eastern part of Phuket. It faces the mainland shore of Krabi (Fig. 1) . It is very popular with both tourists and local Thai residents due to many excellent fish and seafood restaurants along the shore. As such, it received the reflected wave from the shore of Krabi, which was consequently of lower amplitude than that received on the Western side of the island. Nevertheless, it is desirable to consider the consequences. Fig. 6 shows a typical beach scene, exhibiting a large offshore island, which also gave protection to this beach area. Long-tailed boats provide both fishing and a variety of services for tourists. It also shows that the beach has significant shelving. A restaurant and shopping facilities stand at least 1 meter above the sand at the top of the beach. Further to the North, there are several major Thai restaurants near to the Zoo of some considerable quality and reputation. These suffered substantial damage, particularly to the tables and chairs. These have now been replaced and normal service restored. It was evident that much beach sand was brought into the restaurant and out onto the road. Of course, this has long disappeared. 
E. Nai Yang Beach
This beach is on the West of the island and South of the Airport (Fig. 1) . It is relatively undeveloped and popular only to those who are willing to travel to visit it from the south of Phuket. It is a beach of two halves. The Southern half is a lovely tourist beach with a good number of excellent small Thai fish and seafood restaurants. The Southern end of the beach exhibits a significant horn, from which mussels and cockles are collected by local people at low tide (Fig. 7) . This horn protected the beach from the tsunami arriving from the Southwest but overtopping will have occurred. The Northern end of the beach exhibits significant shelving and a step of around 1 meter to the area inland. These aspects fortunately protected the airport behind, and allowed R. Zobel to land safely three days after the tsunami attack.
III. LOCAL OBSERVATIONS
Observations from local Thai people have provided useful information. Recently, sand samples have been taken from these beaches to ascertain their characteristics of density, roughness, and particle size and distribution for modeling purposes [6, 7, 8] . Observations of slope and shelving of beaches and of the horns of ends of the beaches have been made to ascertain their current and future susceptibility to approaching tsunami [9, 10, 11, 12, 13] .
IV. MODELING AND SIMULATION
Bousinesq and RANS approaches and their relevance to the proposed studies are being considered, using a large number of parallel PCs for simulation studies. Such facilities may be made available in undergraduate teaching laboratories in Hat Yai and Phuket overnight, after improvement in local connectivity. The public availability of cfd software for these purposes is an encouraging development, as are further developments of variable mesh size representations for run-up simulations. Of particular interest are computational fluid dynamics (cfd) model considerations for various aspects of pickup, carriage, and deposit of sand at high Reynolds numbers, and the effects of such sand transport on consequences for beach damage and inundation [13] .
A. Equations for Sand Transportation
The basis of equations and approximations will be initially obtained from existing papers and sources [9, 10, 14] . In respect of this, use of existing estuarine approaches of silt carriage and deposit are being evaluated. Further, existing reported work on modeling and simulation of sand storms in deserts and on industrial fluidized bed systems also needs to be considered [8] .
B. Verification and Validation
We propose the use of existing simulation results at high Reynolds numbers for initial validation, and are also considering the use of local flume and wave basin facilities for experimental model validation, although it is recognized that scaling may not be appropriate at such high Reynolds numbers.
However, recent work [17] suggests that hydrological inferences may be drawn from studying sediments from the 2004 tsunami along the Sumatra Coast of Indonesia. This could lead to study of similar deposits from the relatively undisturbed beaches in the North of Phuket, in Phang Nga and Kao Lak on the mainland to the North of Phuket and also perhaps in Similan islands offshore to the West of Phang Nga, and the Sea Gypsy Peoples' Island where tribal memory of previous tsunami exists, and other historical data may also be useful.
Further, [18] suggests using a hydraulic approach to modeling of sediment transport due to tsunamis to obtain better modeling and simulation of tsunami run-up in shallow waters. This would help to predict consequences for specific beaches with consequent better planning to minimize death, injury, property damage and financial loss for future events.
Regrettably, the DEWS project was seriously compromised due to a sequence of the unfortunate events, commencing with closing of Bangkok airport by the Yellowshirts, in December 2008, which caused the cancellation, of the first Hat Yai, DEWS conference. This was subsequently held in Potsdam, Germany, in July 2009. Sadly, the second conference also to be held in Hat Yai, was cancelled after the EU cancelled the contract and terminated the project and its funding. This has caused delays in publishing the early results and getting simulation results. However, there are moves afoot to continue the work with additional funding.
V. CONCLUSIONS
Consideration of the use of these models and simulations in respect to DEWS warnings and immediate predictions of likely effects on specific beaches on the West Coast of Thailand are the principle aims of this work. It is clear that the beaches considered each have geographical features with significant consequences for the survival, and damage to property due to tsunami. It is also clear that the direction of arrival of the tsunami as well as its amplitude is vitally important to the resulting consequences for local inhabitants, visitors, and property [15, 16] .
By modeling and simulating the probable consequences for each beach, of tsunami of varying amplitude arriving from different directions, it would be possible to more accurately provide advice for specific beaches after receipt of tsunami warnings from the DEWS system. This would make the real-time DEWS system more effective at a local level. Further, such studies might also suggest methods for improving effective defenses at a local level [3] .
